The leaf oil of Siparuna grandiflora (Monimiaceae) has been obtained by hydrodistillation and analyzed by GC-MS. The major components were germacrone (66.9%), germacrene B (8.2%), δ-cadinene (2.5%), trans-β-elemenone (2.2%), and β-elemene (2.1%). The leaf oil exhibited notable in-vitro cytotoxic activity on MCF-7 cells, brine shrimp lethality, and limited antimicrobial activity. DFT calculations (B3LYP/6-31G*) indicate that germacrone is slightly more stable than its Cope rearrangement product trans-β-elemenone.
There are around 34 genera and 440 species in the Monimiaceae, of which Siparuna constitutes about 150 species, distributed from Mexico, through Central and South America [1] .
Members of Siparuna have a pronounced plant-like odor [2] and many species are used in local traditional medicines [3] . S. grandiflora (Kunth) Perkins is a shrub or small tree, which grows to a height of 5 m, typically found in cloud forest light gaps and edges.
Fresh leaves of S. grandiflora furnished 1.2% of a pale yellow essential oil. The chemical composition is summarized in Table 1 . Forty-two compounds were identified in the essential oil, accounting for 95.9% of the total composition. The oil was largely composed of oxygenated sesquiterpenoids (73.4%), dominated by germacrone (66.9%), with smaller amounts of sesquiterpene hydrocarbons (25.4%) and monoterpene hydrocarbons (1.2%). In addition to germacrone, other major components of S. grandiflora leaf oil were germacrene B (8.2%), δ-cadinene (2.5%), trans-β-elemenone (2.2%), and β-elemene (2.1%). The oil exhibited notable in-vitro cytotoxic activity on MCF-7 cells [93.9 (± 4.1) % kill at 100 μg/mL], as well as pronounced activity (LC 50 = 3.16 µg/mL) against brine shrimp (Artemia salina), but only marginal antibacterial activity against Bacillus cereus and Escherichia coli (156 µg/mL and 625 µg/mL, respectively). In order to examine the thermal lability of germacrone and trans-β-elemenone, an ab initio examination of the Cope rearrangement was carried out using the B3LYP/6-31G* density functional method (Table 3, Figure 1 ). present study. Germacrone has been reported to be thermally labile with respect to Cope rearrangement to trans-β-elemenone [7], and the two compounds are often found together in essential oils [8] . Because of the high temperatures encountered during hydrodistillation (100°C) and GC analysis (220°C), thermal equilibration via Cope rearrangement of germacrone β-elemenone is possible. The DFT calculations indicate that germacrone is 0.87 kcal/mol more stable than β-elemenone, with a barrier of interconversion of 32.99 kcal/mol (Figure 1 ). The fact that β-elemenone is higher in energy than germacrone is consistent with the higher concentration of germacrone found in S. grandiflora leaf oil. The concentration ratio, however, is not consistent with the relatively small calculated energy difference. It is apparent that complete equilibration of germacrone β-elemenone did not occur. The free energy difference (ΔG) is consistent with an equilibrium ratio (β-elemenone/germacrone) of 0.47 at 220°C. 
Experimental

GC-MS analysis:
GC-MS analysis of the essential oil was carried out as previously described (Agilent 6890 GC with Agilent 5973 MSD, HP 5ms column, inj temp 200°C, oven temp prog: 40°C initial temperature, held for 10 min; increased at 3°/min to 200°C; increased 2°/min to 220°C, and interface temp 280°C; EIMS, 70 eV) [10] .
Bioactivity screening:
In-vitro cytotoxic activity against MCF-7 (ATCC No. HTB-22) cells was carried out using the MTT method for cell viability, as previously described [10] . Antibacterial screening was conducted using the microbroth dilution techniques, as described previously [11] . Brine shrimp (Artemia salina) lethality tests were carried out as previously described [12] .
Density functional calculations:
All calculations utilized SPARTAN '06 for Windows [13] . The hybrid B3LYP functional [14] and the 6-31G* basis set [15] were used for the optimization of all stationary points in the gas phase. Frequency calculations were employed to characterize stationary points as minima or first-order saddle points. All reactions and activation enthalpies reported are zero-point (ZPE) corrected with unscaled frequencies, but with no thermal corrections; they are, therefore, ΔH (0K) . Entropies were calculated using the linear harmonic oscillator approximation. 
